~p m e n t .~J I J~ Although FSV infection in FeLV positive cats can result in fibroblast transformation and development of multicentric fibrosarcomas,S the cat in this case was FeLV negative. Also, there has been no significant association between FeLV infection and VSS.9,11 Additional research and continued FeLV testing of cats with VSS may help determine whether FSV and FeLV play a role in the pathogenesis of v s s .
Dogs and other members of the family Canidae are the usual hosts for the Leishmania donovanicomplex in the Mediterranean basin and play a pivotal role in the zoonotic transmission of the disease. The average incidence of the disease in dogs in Spain is lo%, but rises to 35% in some areas of the Guadalquivir Valley.3 Canine leishmaniasis in this region is caused by Leishmania infantum, an intracellular protozoan that parasitizes the cells of the mononuclear phagocyte system (MPS) and is the etiologic agent for the visceral form of leishmaniasis in dogs and human beings (kala-azar)5 in the region.
The relationship between the parasite and its host cells (MPS) has been investigated in depth.Z.5,7.9 Some authors have reported the in vivo presence of intracellular Leishmania sp. amastigotes in phagocytic cell types other than macrophages, such as endothelial cells, neutrophils, and eo~inophils.~.~ Amastigotes have also been observed in dendritic cells, both in vivo and in vitro.'O This paper reports the first cases of leishmaniasis in any species in which Leishmania sp. amastigotes were identified histologically, immunohistochemically, and ultrastructurally in vivo within fibroblasts.
Skin biopsies from two dogs were submitted to the Pathology Department of the Veterinary Faculty of Cordoba (Spain) for histopathologic evaluation. One dog (no. 1) was a 1-year-old male Boxer with a history of a unique nodular lesion (3.0 cm in diameter) on the dorsolumbar region. The other (no. 2) was a 1-year-old male Pointer with multiple nodules (0.5-1.0 cm in diameter) affecting skin of the lips, ears, and eyelids. These lesions were detected 7 and 5 months, respectively, prior to biopsy. No evidence of systemic leishmaniasis was observed on thorough clinical and histopathologic examination.
Tissue specimens were fixed in 10% neutral buffered formalin, embedded in paraffin, cut at 4 pm, and stained with hematoxylin and eosin (HE), Giemsa, and periodic acid-Schiff. For immunohistochemical study of parasitized cells, endogenous peroxidase activity was removed by incubation of the sections with 0.3% hydrogen peroxide in methanol for 30 minutes at room temperature. Tissue sections scheduled to be used for the detection of lysozyme and alpha-lantitrypsin were treated with 0.1% pronase (Sigma Chemical, St. Louis, MO) for 10 minutes at room temperature. Primary polyclonal antibodies were used at the following dilutions: anti-vimentin, 1 : 200; anti-desmin, 1 :50; anti-alpha-l-antitrypsin, 1 : 200; anti-lysozyme, 1 : 250. Vimentin and desmin antibodies were obtained from Eurodiagnostics (Appeldorn, The Netherlands). Lysozyme and alpha-1 -antitryp-sin were from Dako (Glostrup, Denmark). Tissue sections were incubated with the primary antibodies overnight at 4°C. A biotinylated goat anti-rabbit immunoglobulin G (Vector Laboratories, Inc., Burlingame, CA) was applied for 30 minutes at room temperature. Then an avidin biotin peroxidase complex (ABC) (Vector Laboratories, Inc.) diluted 1 : 50 was applied for 1 hour at room temperature. 3 3'-Diaminobenzidine tetrahydrochloride (Sigma Chemical) was used as chromogen. Phosphate-buffered saline or nonimmune sera were substituted for the specific primary antibodies in tissue sections used as negative controls.
For electron microscopy examination, formalin-fixed tissue specimens were cut into 1-mm cubes, washed overnight in 0.1 M phosphate buffer containing sucrose, post-fixed in 1 Yo osmium tetroxide, dehydrated in acetone, and embedded in Araldite. Thin sections (50 nm) were cut, stained with uranyl acetate and lead citrate, and examined with a Philips CM 10 electron microscope.
The histopathologic findings for each of the two biopsy specimens were similar and were characterized by a diffuse granulomatous superficial ( Fig. 1) and deep dermatitis. The inflammatory infiltrate was typical for cutaneous leishmaniasis in the dog, and contained numerous macrophages with abundant foamy cytoplasms, some plasma cells, and rare lymphocytes. Macrophages contained numerous amastigotes of Leishmania sp. protozoa (Fig. 2) . Necrotic macrophages were common and there were amastigotes free in the interstitium (Fig. 2) . Additionally, in the deep dermal zones subjacent to the inflammation, there were elongated, fusiform cells resembling fibroblasts surrounded by collagen fibers. The cytoplasm of these cells contained amastigotes within small vacuoles. These cells were not part of the inflammatory process.
Intense immunoreactivity for vimentin was found within the cytoplasm of macrophages, endothelial cells, smooth muscle cells, and fibroblasts. Immunoreaction for lysozyme was observed in the cytoplasm of numerous macrophages, most of which contained abundant amastigotes. The number of macrophages that stained with alpha-1 -antitrypsin serum was slightly lower than the number that stained for lysozyme. The fusiform cells resembling fibroblasts were immunoreactive for vimentin and negative for lysozyme. These fusiform cells were surrounded by collagen fibers and often contained numerous amastigotes within their cytoplasm. Smooth muscle cells from blood vessels and arrector pili were reactive for desmin.
Vimentin is an intermediate filament protein expressed by several mesenchymal cell types including fibroblasts, macrophages, endothelial cells, and muscle,8 whereas lysozyme and alpha-1 -antitrypsin have been used as histiocytic markers in the dog. 4 The results of the immunohistochemistry study indicate that the fusiform cells are fibroblasts or fibrocytes because they express vimentin, but failed to express lysozyme ( Fig. 3) and desmin. Macrophages and smooth muscle served as positive controls for lysozyme and smooth muscle, respectively.
The ultrastructural examination revealed that most of the parasitized cells were macrophages with abundant cytoplasm. The macrophages usually contained amastigotes of Leishmania sp., identified by their organelles (nucleus, kinetoplast, flagellar body) and a three-layered sheath exhibiting subpedicular microtubules (Fig. 4) . phologic features allowed identification of the cells as fibroblasts. The cytoplasm of occasional elongated cells contained free amastigotes and, occasionally, amastigotes within vacuoles; the amastigotes were similar to those observed in the cytoplasm of macrophages, but were always few in number . Amastigotes of the parasite were occasionally observed in close contact with the cytoplasmic membranes of fibroblasts, and appeared to be disrupting cytoplasmic membranes. Unfortunately, the tissue was not optimally fixed, and the interpretation of these morphologic changes was difficult.
The pathogenesis of leishmaniasis has traditionally been investigated based upon the macrophage as the parasitized host cell.' Infection with Leishmania sp. has also been reported to occur in vivo in other types of phagocytic cell population^.^.^ Changl carried out an in vitro study of cellular interactions between human skin fibroblasts and promastigotes in two leishmania species. He demonstrated infection of fibroblasts by L. bruziliensis promastigotes by parasite-induced phagocytosis in this cell population. The promastigotes were transformed into amastigotes within the cytoplasm of these cells, where they remained viable over a short period.
Williamslo suggested that active penetration of nonphagocytic cells by the parasite is another mechanism of infection of such cells by Leishmania sp. We believe our findings likewise support the hypothesis of active penetration by the parasite: the parasites were often found in close contact with disrupted fibroblast cell membranes, no ultrastructural evidence was found of phagocytosis, and the amastigotes generally were free in the cytoplasm of fibroblasts.
The amastigotes we found in fibroblasts cannot have resulted from infection by promastigotes, as reported by Changl in his in vitro study. The transformation of promastigote to amastigote forms takes place in the first few hours following infection of the anima1;l therefore, the chronicity of the lesions observed in the two report cases mentioned here would make infection by promastigotes unlikely. The most likely source of the amastigotes present in the fibroblasts was from macrophages, where the amastigotes proliferated and then were released following necrosis of the infected cells. This interpretation is supported by the above-mentioned close relationship between extracellular amastigotes and fibroblasts.
The small numbers of parasite forms found in the cytoplasm of fibroblasts may have been the result of a scant presence or lack of lysosomes in the cells; these cell organelles are used for amastigote nutrition and are essential for survival and multiplication of the parasite.' Infection of fibroblasts by Leishmania sp. may be a survival mechanism of the parasite in its vertebrate host, and would thus be a route enabling the parasite to evade the immune response of the host.
